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REPELLENTS: PAST, PRESENT, AND FUTURE

S. P. FRANCES AND R. A. WIRTZ

ABSTRACT. The use of repellents in protecting people against vector-borne diseases is predicated the
assertion that reducing human/vector contact will reduce the incidence of disease. The methods that have been
used in developing countries have been simple to apply and relatively cheap. This article will discuss the use

of repellents for protection against vector-borne disease in Southeast Asia and the Southwest Pacific region.

INTRODUCTION

The aim of this article is to discuss the current

use of repellents in international health programs,
with particular reference to the southwest Pacific
region and Southeast Asia.

The use of repellents by villagers and in local
government health programs in areas to the north
of Australia, such as Papua New Guinea, Solomon
Islands, and Vanuatu, is minimal. The health au-

thorities in these countries understand the need to
minimize contact between people and vectors; his-
torically, this was attempted by spraying of DDT

on the interior walls of houses for malaria-control
purposes. This control strategy had mixed success.

In recent years, the use of insecticide-treated mos-

quito bednets has been adopted for malaria control,

AN OVERVIEW OF REPELLENT USE

Studies in the 1960s and 1970s showed the be-
havior of anopheline vectors of malaria changed as

a result of DDT house spraying (Sweeney 1983).
The increase in the occurrence of exophilic biting
habits and a shift in mosquito biting peaks to the
early part of the night, coupled with increased re-

luctance of villagers to allow their homes to be
sprayed, reduced the effectiveness of house spray-
ing. In many countries, the behavioral change in
mosquito biting and resting habits means that the

use of their limited resources for DDT house spray-
ing and mosquito bednets may be dubious. Re-
search to increase knowledge of the species present
and their behavior is warranted and will be an im-
portant use for meager research funding.

Although repellents containing diethyl methyl
benzamide (DEET) are effective, their use by vil-
lage people is minimal, primarily due to their in-
ability or reluctance to purchase them because of

very low incomes. Therefore, the ultimate cost of
repellents has been a major factor in the develop-
ment of products for sale in developing countries.
The development of a repellent-soap formulation
containing DEET and permethrin was considered
promising, as it was relatively cheap to produce
(Yap 1986). The formulation

was originally pro-
duced by Tom Simmons, Chadstone, Victoria, Aus-
tralia, initially priced at $US 0.25. The repellent
contained 20% DEET and 0.5% permethrin for-
mulated in a bar of soap (Simmons 1985). It was

prepared in small blocks (approximate weight 68

g) and packed in relatively low-cost greaseproof
paper. The formulation is applied to wet skin, lath-
ered, and the residue is left on the skin surface and
allowed to dry. Several field trials of the effective-

ness of the formulation against mosquitoes were

conducted in Southeast Asia and Australia (Yap
1986, Charlwood and Dagaro 1987, Frances 1987).
Following promising results in these field trials, the
formulation was commercialized and marketed as

Mosbar (Anonymous 1988). A second formulation,
called Moskil, containing only 0.5% permethrin,
was also developed and tested (Chiang et al. 1990).
Mosbar is available in many countries in Southeast
Asia and the Southwest Pacific, including the Sol-
omon Islands. A survey of the personal protection
measures used by 308 inhabitants of East Honiara,
Solomon Islands, showed a variety of measures

were used by people to protect themselves against
mosquitoes and potential vectors of malaria (Bell
et al. 1997). The survey showed that 10.3% of re-

spondents used Mosbar and 8.4% used unidentified
repellents. The study showed that only respondents
who used prophylactic drugs or Mortien (pyrethroid
aerosol) spray had increased protection against ma-
laria.

Repellents are more widely available and used in

some of the economic boom countries in Southeast
Asia. In Thailand, a range of repellent formulations
is available in most cities and towns. Laboratory
studies showed that Aedes albopictus (Skuse) adults

were relatively sensitive to commercially available
repellents, but Anopheles dirus Peyton and Harrison

was more tolerant (Frances et al. 1993). An. dirus
is a group of 7 sibling species and An. dirus A is

an important vector of malaria in the forested bor-
der regions of Thailand (Rosenberg et al. 1990).
The Royal Thai Army (RTA) is often deployed to
these remote regions. RTA troops are knowledge-
able about the transmission of malaria and know
that mosquitoes that carry the disease should be
avoided. They are usually recruited from areas of
Thailand with sporadic or no malaria, so they have

no inherent immunity, and when deployed to border
regions near Cambodia and Burma, are highly sus-

ceptible to malaria infection (Eamsila et al. 1994).
Living in poorly constructed huts in base camps,
these soldiers are encouraged to sleep under a bed-
net and use mosquito repellents, especially when
working after dusk. A variety of repellents are

available in Thailand, most formulations retail for
less than SUS 1.00 for a 50-ml container. In some
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RTA camps, repellents are issued by the govern-
ment, but soldiers sometimes purchase repellent for
their own use. Their monthly salary is around
SUS100, and with their knowledge and concern

with protecting themselves against mosquitoes, the
investment is a good one for most troops. Recent
field studies have shown repellents containing
DEET were effective against Anopheles spp., in-
cluding An. dirus (Frances et al. 1996a, 1996b).

Other low-cost methods of personal protection
used in these countries include mosquito coils, re-

pellents containing locally available active ingre-
dients, such as neem oil formulated in coconut oil
(Sharma et al. 1995, Caraballo 2000), and repel-
lents containing citronella and eucalyptus oils (Col-
lins et al. 1993, Trigg 1996).

MILITARY USE OF REPELLENTS

Repellents are used by Australian Defence Force
(ADF) personnel within Australia and during de-
ployments overseas. In recent years, ADF person-
nel have been deployed to United Nations missions
in Cambodia, Rwanda, and, currently, in Bougain-
ville, Papua New Guinea, and East Timor. In de-
ployments to areas where malaria and other vector-
borne diseases are of concern, personnel are issued

a repellent containing 35% DEET, formulated in a

gel containing propylene glycol, hydroxypropyl
cellulose, and laureth-3. This product is produced
by Colbar Australia, and replaced a formulation
containing 95% DEET, which had been used since
the Vietnam War. ADF personnel are aware of ma-
laria and arboviruses, and the use of personal-pro-
tection measures is reinforced in predeployment
briefings. These personal-protection measures in-
clude wearing appropriate military clothing that has
been treated with permethrin, sleeping under a per-
methrin-treated bednet, taking prescribed prophy-
laxis for malaria, and applying repellent to exposed
skin, especially at dusk and early evening, when
mosquitoes are likely to be active.

In mainland Australia, endemic malaria was

eradicated in 1962 (formally announced in 1981),
and dengue occurs sporadically in the tropical north
(Hanna et al. 1998). However, arboviruses, such as

Ross River Virus (RRV), Barmah Forest Virus
(BFV), and Australian Encephalitis Virus occur in

many parts of the country. RRV and BFV occur in
all states and territories of Australia, with an aver-

age of 5,000 cases annually, and the majority in the
state of Queensland. Most cases occur in the sum-

mer months, between November and March each

year (Russell 1998). Awareness of the mosquito-
borne viruses is high, and the health authorities use

repellents to supplement mosquito-control pro-
grams.
The Australian Army routinely exercises in a va-

riety of situations where there is active transmission
of arboviruses. They are often at a higher risk of
becoming infected with arboviruses than the civil-

Table 1. Repellent usage by Australian soldiers in
central Queensland, March 1999.

Deer

eoncen-

Repellent formulation t.ration Percentage
(supplier) (%) users

Skintastic (S.C. Johnson) 7 3.6
RID (Thorley Laboratories) 16 30.9
Aeroguard (Reckitt and Coleman) 17 7.2
ADF {brmulation 35 21.8
Bushmans (North Queensland

Laboratories) 80 9,1
Multiple/combination 23.6
Not identified 3.6

Jan population, as the nature of their work brings
them into closer contact with mosquitoes. Table
shows the response of 55 soldiers who were train-
ing in an area of South Central Queensland in
March 1999. A questionnaire was prompted by the

occurrence of RRV symptoms in 3 soldiers follow-
ing the exercise. It was subsequently found that 5
individuals had raised IgM antibodies to RRV and
2 to BFV (Clifford et al. 1999). They were asked
what repellent they used while they were in the
field for the ll-day exercise. Only 21.8% of this
small group used the ADF 35% DEET formulation,
while 30.9% used RID, which is the most popular
formulation in Queensland. The ADF repellent is
often the subject of rumor, and many soldiers be-
lieve the formulation does not work as well as other
formulations they see advertised in the popular
press and television.

FUTURE TRENDS

The future use of repellents by wealthier groups,
such as Australians and Americans, will be to use

repellents in combination with other personal-pro-
tection measures against vectors, such as wearing
appropriate clothing, sleeping in screened accom-

modation or under bednets, and taking suitable pro-
phylaxis and vaccinations. The use of repellents in

poorer and developing countries is more problem-
atic. The governments and health authorities in
these countries have little or no funding, and village
people have little disposable income. The methods
that have been developed have been relatively
cheap to produce, have used locally available ma-

terial, and therefore can be purchased by more peo-
ple in endemic areas for mosquito-borne disease.
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